Characterization of the hyperlipoproteinemia induced by feeding high-cholesterol diets to hypothyroid dogs was undertaken in an attempt to identify a lipoprotein pattern or a specific lipoprotein responsible for the atherosclerosis associated with such hyperlipoproteinemia. Various degrees of hyperlipidemia and atherosclerosis were produced during the diet, which was imposed for 3 months to more than a year. Dogs referred to as hyporesponders did not develop significant atherosclerosis despite plasma cholesterol levels ranging from two to five times normal or up to 750 mg/100 ml. This nonatherogenic hyperlipidemia was characterized by an increase in the LDL (low density lipoprotein) and HDLc classes (HDL,, refers to B broad spectrum of cholesterol-enriched particles which resemble high density lipoproteins). Dogs referred to as hyperresponders developed significant and often complicated atherosclerosis. Their plasma cholesterol levels were in excess of 750 mg/100 ml, and most of the increased cholesterol was present in lipoproteins with density less than 1.006 g/ml. Several classes of lipoproteins were isolated by ultracentrifugation and purified by Geon-Pevikon block electrophoresis. These lipoproteins were characterized with respect to chemical composition, electrophoretic mobility, immunochemical reactivity, electron microscopic size after negative staining, and apoprotein content as determined by polyacrylamide gel electrophoresis. We concluded that the atherogenic hyperlipidemia of the hyperresponders was characterized by an increase in the amount of cholesterol-rich HDLc as in the hyporesponders but was distinguished by the appearance of a spectrum of cholesterol-rich lipoproteins in the fraction with a density less than 1.006 g/ml. One of these cholesterol-rich lipoproteins had the properties of /3 very low density lipoproteins, and the others had those of HDI^. We suggest that the spectrum of lipoproteins with density less than 1.006 g/ml represents "remnants" that accumulate because of defective catabolism of lipoproteins synthesized to carry excess of dietary cholesterol.
roid, cholesterol-fed dogs develop hypercholesterolemia, but only certain dogs develop atherosclerosis (1) . The association of hypercholesterolemia with atherosclerosis in man is a generally accepted fact; however, the severity, distribution, and type of disease that develops may depend on the type of lipoprotein molecule transporting the elevated cholesterol (6, 7) . Cholesterol feeding of the thyroidectomized dog to produce experimental atherosclerosis results in a marked alteration in the distribution and types of plasma lipoproteins. This paper purposes to analyze and compare the types of hyperlipoproteinemia induced by cholesterol feeding in dogs that developed atherosclerosis and in those that did not. and ~1 % cholesterol by weight. In addition, the dogs received cholic acid and propylthiouracil as previously described (4) . Wesson oil and lard yielded precisely the same results with respect to lipoproteins and atherosclerosis; the results presented in this paper are, in most cases, from lard-fed dogs. All of the dogs that we studied had been on the diet for at least 3 months, and some were on it for more than 1 year.
PREPARATION OF PLASMA LIPOPROTEINS
Plasma was obtained from fasted dogs and fractionated by ultracentrifugation as previously described (2) . Lipoproteins from the various density (given throughout in g/ml) ranges were purified by Geon-Pevikon block electrophoresis using a modification of the method described by Barth et al. (8) . The medium used for block electrophoresis was Geon type 427 or 101 and Pevikon C870 in a 1:1 mixture. The purified lipoproteins were identified and then eluted from the block. Details of these procedures have also been reported previously (2) .
CHARACTERIZATION OF THE LIPOPROTEINS
The chemical analyses of plasma, ultracentrifugal fractions, and purified lipoproteins included triglyceride (9) , total cholesterol (10), cholesteryl ester (11), phospholipid (12), and protein (13) determinations. Paper electrophoresis was performed according to the method of Hatch and Lees (14) , and agarose electrophoresis was done using kits prepared by Bio-Rad. Immunoelectrophoresis and Ouchterlony immunodiffusion were performed using previously described methods (15). Preparation and characterization of the antisera have been reported elsewhere (2) . Particle size for the purified lipoproteins was determined by electron microscopy after negative staining. The apoprotein content of the purified lipoproteins was analyzed by polyacrylamide gel electrophoresis. Gels were composed of 8% acrylamide and run in a Tris buffer system (pH 8.9) in 8M urea (16). Prior to polyacrylamide gel electrophoresis, the lyophilized lipoproteins were delipidated in an ethanol-ether system and solubilized in a solution of 0.2M Tris and 0.1M sodium decyl sulfate in 6M urea (2) . Fifty /ig of apolipoprotein was applied to each gel.
Results

SEGREGATION OF DOGS INTO GROUPS WITH ATHEROGENIC AND NONATHEROGENIC HYPERLIPIDEMIA
Purebred foxhounds which had been surgically thyroidectomized and placed on a high-cholesterol diet could be divided into two groups based on the type of hyperlipidemia and the extent of atherosclerosis produced. One group, referred to as hyporesponders, developed hyperlipidemia characterized by total plasma cholesterol levels elevated two to five times above normal up to approximately 750 mg/100 ml. Their plasma triglyceride levels were low compared with those of control dogs. Despite the marked elevation of their plasma cholesterol levels, these dogs developed only minimal fatty streak lesions or no gross atherosclerosis. The range of lipid values for a group of approximately 20 hyporesponders is shown in Table 1 . The other group of dogs, referred to as hyperresponders, Circulation Research, Vol. 35, November 1974 accounted for more than half of our dog colony. They developed plasma cholesterol concentrations in excess of 750 mg/100 ml and had variably elevated triglyceride concentrations (Table 1) . These dogs had grossly visible atherosclerosis after only 4 months, and by 6 months they invariably had extensive disease with occasional complicated lesions similar to those seen in humans. A description of the atherosclerosis induced by these procedures has been reported previously (4) .
The distribution of plasma lipoproteins revealed by paper electrophoresis differed markedly between the hyporesponders and the hyperresponders. As the plasma cholesterol level rose in the hyporesponders, HDL! became the prominent lipoprotein (Fig. 1) . With a further increase in plasma cholesterol concentration in the hyporesponders, LDL concentration (determined by electrophoresis) also appeared to increase. In the hyperresponders that had developed a cholesterol concentration greater than 750 mg/100 ml, the electrophoretic pattern revealed a broad band in the £ to pre-/3 region and a marked reduction in the a,-migrating lipoproteins. In all of the hyperresponders, the plasma lipoprotein patterns first passed through a stage during which they resembled those of the hyporesponders.
LIPOPROTEIN DISTRIBUTION IN ULTRACENTRIFUGAL FRACTIONS
In an attempt to characterize the changes in the type and the distribution of plasma lipoproteins induced in these dogs, plasma was ultracentrifuged at sequentially higher densities from 1.006 to 1.21. In Figure 2A -C, the distributions of the lipoproteins in the six ultracentrifugal fractions are shown in a control, a hyporesponder, and a hyperresponder, respectively. As shown previously (2) , in control dogs the ultracentrifugal distribution of LDL and HDL, overlapped: LDL extended from a density of 1.006 to 1.087, and HDL, extended from a density of 1.025 to 1.10. The distribution of HDL, was the most striking difference between the control dogs and the cholesterol-fed dogs. In hyporesponders (Fig. 2B) , HDL, extended from a Paper electrophoretograms comparing the plasma from a control dog with that from hyporesponders and a hyperresponder. TC = total plasma cholesterol (mg/100 ml), hypo -hyporesponder, and hyper =• hyperresponder. density of about 1.08 into the 1.006-1.02 density range and occasionally could be detected in trace amounts in the fraction with a density less than 1.006 migrating ahead of the VLDL. The shift of lipoproteins to lower densities was much more accentuated in the hyperresponders (Fig. 2C) . A lipoprotein migrating in the HDL, region was always a prominent component of both the fraction with a density less than 1.006 and the fraction with a density between 1.006 and 1.02. The shift in the distribution of the lipoproteins to lower density ranges was reflected dramatically in the percent distribution of total plasma cholesterol in each of the density cuts ( Table 2 ). For example, the percents of cholesterol in the fractions with a density less than 1.006 for control, hyporesponder, and hyperresponder dogs were 0.6, 9.5, and 64.6%, respectively.
ISOLATION OF LIPOPROTEINS ASSOCIATED WITH ATHEROQENIC AND NONATHEROGENIC HYPERLIPIDEMIA
To characterize further the changes produced by cholesterol feeding, four lipoprotein fractions obtained by ultracentrifugation of normal canine plasma were also prepared from plasma obtained from hyporesponders and hyperresponders; purified lipoproteins were then isolated (2) . The four fractions included the lipoproteins with a density less than 1.006 (VLDL), those with a density between 1.006 and 1.063 (the fraction which contained most of the LDL and HDL, in the normal dog), those with a density between 1.063 and 1.087 (a mixture of three lipoprotein classes [LDL, HDL,, and HDL,] ), and those with a density between 1.087 and 1.21 (primarily HDL, ) .
A comparison of the distribution of plasma lipids and lipoprotein protein among these ultracentrifugal density fractions is presented in Table 3 for control, hyporesponder, and hyperresponder dogs. The change in the concentration and the distribution of the lipoproteins during fat feeding was reflected in the contents of phospholipid and lipoprotein protein in the ultracentrifugal density fractions. In the control dogs 73.1% of the total plasma phospholipid and 77.9% of the protein was isolated in the 1.087-1.21 density range primarily representing HDLj. As the total plasma cholesterol level increased in the hyporesponders, progressively more of the phospholipid and protein was shifted to a lower density fraction, primarily the 1.006-1.063 fraction. A shift of plasma cholesterol to lower density lipoproteins was also apparent when the control dog was compared with two hyporesponders. The first dog's plasma cholesterol concentration was elevated only to 250 mg/100 ml, and the increased cholesterol was primarily in HDL, of the 1.006-1.063 fraction. The second dog, hyporesponder II (Table 3) , had a cholesterol concentration over 540 mg/100 ml, and the concentrations of both HDL, and LDL were increased. In hyperresponders I-III the distribution of plasma lipids and lipoprotein protein was even more markedly shifted toward the lower density fractions. As shown in Table 3 , only 20-30% of the total lipoprotein protein remained in the high density range, and 30-43% of the protein was found in the fraction with a density less than 1.006. In the hyperresponders approximately 60% of the total plasma cholesterol was in the fraction with a density less than 1.006 compared with 1.6% for the controls. As the electrophoretograms suggested qualitatively, lipoproteins in the fraction with a density less than 1.006 became the prominent class of lipoproteins in the hyperresponders.
CHARACTERIZATION OF PURIFIED UPOPROTEINS
Purification of the lipoproteins within certain of these density fractions was undertaken to determine the physical and chemical characteristics of each lipoprotein. The 1.006-1.063 density fractions from hyporesponders and hyperresponders were subjected to Geon-Pevikon block electrophoresis to obtain LDL and HDL,. The LDL isolated in this manner migrated as a single band in the 0 region on Paper electrophoretograms of ultracentrifugal density fractions from a control dog (A), a hyporesponder (B), and a hyperresponder (C).
paper or agarose electrophoresis and reacted strongly to antiserum prepared to normal canine LDL (Fig. 3 ). Unlike normal canine LDL, LDL from the hypo-or hyperresponders also reacted with antisera prepared to HDL,, HDL 2 , and their apoproteins. HDL, isolated from the 1.006-1.063 density fraction from the hyporesponder or hyperresponder migrated as a single band in the a, region on paper or agarose electrophoresis and reacted only with antisera prepared to HDL and HDL apoproteins (Fig. 3) .
Circulation Research, Vol. So. November 1974 The 1.087-1.21 density fractions from hyporesponders and hyperresponders were subjected to Geon-Pevikon block electrophoresis to obtain pure HDLj. HDLj isolated in this manner migrated as a single band in the a, region on paper or agarose electrophoresis and gave a precipitin reaction similar to that obtained for normal canine HDL S (Fig.  3) .
The fraction with a density less than 1.006 from the hyporesponders contained pre-j8-migrating lipoproteins (VLDL), as seen in control dogs. How- ever, the fraction with a density less than 1.006 from the hyperresponders migrated as two or more bands which tended to form a broad band in the B to pre-B region. When this fraction was originally isolated on Geon-Pevikon block electrophoresis, it was removed as a single broad band. The immunoprecipitin reaction of the fraction with a density less than 1.006 from a hyperresponder is shown in Figure 3 ; it reacted with antiserum to either LDL or HDL. Fractionation of this band will be reported on later in this paper.
The compositions of the purified VLDL (density <1.006), LDL, HDL,, and HDL, from control and experimental dogs are presented in Table 4 . Each of the lipoprotein classes in hyporesponders and hyperresponders had a higher content of cholesterol relative to that in the lipoproteins of the controls. The compositions of LDL, HDL,, and HDL, in hyporesponders and hyperresponders, however, were virtually indistinguishable. The VLDL fraction of the hyperresponders contained relatively more cholesterol and less phospholipid than did the VLDL of the hyporesponders.
Electron micrographs of the purified lipoproteins from hyporesponders and hyperresponders were compared with respect to the size range of particle diameters. VLDL, LDL, HDL,, and HDL 2 from two hyporesponders and five hyperresponders were examined. There was no detectable difference in the size range of the LDL, HDL,, or HDL 2 particles from hyporesponders and hyperresponders. LDL from both hyporesponders and hyperresponders ranged in size from 170 to 360 A with a peak at approximately 250 A compared with a range of 160 to 250 A for control dogs (2) . HDL, ranged in size from 120 to 400 A with a peak at about 230 A compared with a range of 100 to 350 A for control dogs. HDL, tended to be slightly larger than it was in control dogs; it ranged from 70 to 100 A. The VLDL fractions appeared to differ slightly: VLDL particles from the hyperresponders ranged in diameter from 240 to 550 A, whereas those from the hyporesponders were seldom as small as 240 A.
By polyacrylamide gel electrophoresis, we could not distinguish the apoprotein patterns in hyporesponders from those in hyperresponders. The pattern shown in Figure 4 was characteristic of both groups of dogs with hyperlipidemia (H). Compared with the patterns from a control dog (C), there was a striking diminution in the concentrations of the fast-moving bands in the apoproteins from hyperlipidemic dogs. The apoprotein pattern of VLDL from hyperlipidemic dogs lacked several bands (Fig. 4) 
Precipitin reactions obtained by immunoelectrophoresis for lipoproteins isolated from the plasma of a hyperresponder. Anti-LDL was in the wells on the left of each slide and anti-apo-HDL, was in the wells on the right.
dogs entered the running gel. The apoprotein distribution from HDL! and HDL 2 was also altered. The significance of these changes in patterns awaits further characterization of the apoproteins.
DETAILED CHARACTERIZATION OF LIPOPROTEINS ASSOCIATED WITH ATHEROGENIC HYPERLIPIDEMIA
To analyze in detail the types of lipoproteins in the plasma of a hyperresponder, we next isolated lipoproteins in narrower density regions, specifically between 1.006 and 1.02, 1.02 and 1.04, and 1.04 and 1.06. These fractions, along with lipoproteins in the fraction with a density less than 1.006, were subjected to Geon-Pevikon block electrophoresis. The plasma lipoproteins from four hyperresponders were analyzed with comparable results. The data from one experiment are presented.
Geon-Pevikon electrophoresis of the fraction with a density less than 1.006 resulted in a broad band composed of two poorly resolved zones. Seven zones approximately 1 cm wide were eluted from the Geon-Pevikon block; 85% of the total protein applied to the block was recovered. The paper electrophoretic patterns obtained from each zone are shown in Figure 5 . Zone 1 contained a single band in the /? region, whereas zones 2, 3, and 4 appeared to contain a mixture of j8 and a lipoproteins. Zones 5, 6, and 7 had a single lipoprotein band migrating in the a region. On immunoelectrophoresis, the lipoproteins in zone 1 migrated in the /3 region as shown in Figure 6 and reacted with antisera prepared to LDL and HDL!. The lipoproteins in zones 5, 6, and 7 migrated further and reacted most strongly with HDL, antiserum. However, zone-6 lipoproteins also reacted weakly with LDL antiserum (Fig. 6) , a reaction that suggests the presence of small amounts of apo-LDL. These results were confirmed by immunodiffusion on Ouchterlony plates. The ranges of particle sizes found by electron microscopy of zones 1 and 6 are presented in Table 5 .
The composition of the lipoproteins isolated from the fraction with a density less than 1.006 is shown in Table 6 . From zone 1 to zone 6 there was a marked decrease in triglyceride and protein and an increase in relative phospholipid content. The lipoproteins in zones 5 and 6 contained nearly 70% cholesterol, three-fourths of which was esterified, and about 20% phospholipid.
The apoprotein patterns of the lipoproteins with a density less than 1.006 in these different zones, as determined by polyacrylamide gel electrophoresis, are shown in Figure 7 . The apoprotein patterns of zones 1 and 2 revealed two intensely stained bands in region 2 of the gel and apo-LDL at the junction of the stacking and running gels. In addition to the apoproteins in region 2, the lipoproteins in zones 5 and 6 contained prominent bands in regions 3 and 4 and less apo-LDL.
The ultracentrifugal fraction with density between 1.006 and 1.02 was subjected to Geon-Pevikon block electrophoresis in a similar fashion. Zones 1-4 contained /3-migrating lipoproteins, zone 5 contained no lipid-staining material, and zone 6 consisted only of a-migrating lipoproteins. The zone-1 lipoproteins reacted with antisera to LDL and HDL! (Fig. 6 ). Zone-6 lipoproteins reacted with HDL, antiserum. The possible reaction with anti-LDL serum obtained on immunoelectrophoresis ( Fig. 6) was not obtained by simple immunodiffusion. The range of particle sizes of the lipoproteins in zones 1 and 6 is presented in Table 5 . The composition revealed that zone-6 lipoproteins contained relatively more phospholipid and less cholesterol compared with zone-1 lipoproteins (Table 6 ). The apoprotein patterns are compared in Figure 7 . The apoprotein pattern (Fig. 7) of zone-1 lipoproteins revealed that the principal apoproteins were those in region 2 and apo-LDL. The material at the junction of the running and stacking gels of the zone-6 lipoproteins was not apo-LDL based on the immunochemical data.
The fraction with density between 1.02 and 1.04 (Fig. 2C ) appeared to have three bands on paper electrophoresis. These bands were isolated sepa-
FIGURE 4
Polyacrylamide gel electrophoresis of lipoproteins from a control (C) dog and a hyperresponder (H).
The applied sample was 50 fig in each case.
1
FIGURE 6
Paper electrophoretograms of the seven zones eluted from a Geon-Peuikon block after electrophoresis of the fraction with a density less than 1.006 from a hyperresponder.
rately on Geon-Pevikon block electrophoresis (Fig.  8 ). Immunochemical analysis (Fig. 6 ) revealed that zone-1 lipoproteins reacted with only LDL antiserum, zone-3 lipoproteins reacted with both LDL and HDL, antisera, and zone-6 lipoproteins reacted with only HDL, antiserum. The lipoproteins in zones 1 and 3 were cholesterol rich (~50% of the total composition), whereas zone-6 lipoproteins were relatively rich in phospholipid (43%). The range of particle sizes for all three zones was the same (200 to 340 A) ( Table 5 ). The apoprotein patterns of the lipoproteins of zones 1 and 6 of this density fraction were similar to those of the lipoproteins of zones 1 and 6 of the fraction with density between 1.006 and 1.02 (Fig. 7) .
The ultracentrifugal fraction with density between 1.04 and 1.06 was fractionated by Geon-Pevikon block electrophoresis into /^-migrating and Circulation Research, Vol. 35, November 1974 a-migrating lipoproteins. By immunoelectrophoresis, the zone-1 lipoproteins reacted only with LDL antiserum and the zone-6 lipoproteins only with HDL, antiserum (Fig. 6 ). The range of particle sizes is shown in Table 5 . Apoprotein analysis by polyacrylamide gel electrophoresis showed the same pattern observed for zones 1 and 6 in the 1.02-1.04 fraction. Too little material was present in this fraction for determination of chemical composition.
The ultracentrifugal fraction with density between 1.06 and 1.08 and that with density between 1.08 and 1.21 were not subjected to Geon-Pevikon block electrophoresis because only a single band was observed on paper electrophoresis and immunoelectrophoresis (Fig. 2C) . The composition of the 1.06-1.08 fraction is presented in Table 6 under the heading HDL, and that of the 1.08-1.21 fraction is presented under the heading HDL a . Considering chemical composition and particle size, the 1.06-1.08 fraction was similar to normal canine HDL,. The 1.08-1.21 fraction appeared to be the same as normal canine HDL 2 .
Discussion
The present study was based on the observation that hypothyroid foxhounds fed cholesterol segregated into two groups referred to as hyporesponders and hyperresponders. These groups differed quantitatively in the degree of elevation of plasma cholesterol and qualitatively in terms of their lipoprotein patterns and their susceptibility to development of atherosclerosis. All dogs developed hypercholesterolemia; the cholesterol concentration rose from a normal value of 60-185 mg/100 ml to above 250 mg/100 ml within 1 month. Despite continued high cholesterol intake for more than a year, the cholesterol concentration in the hyporesponders did not exceed 750 mg/100 ml. When they were killed between 3 and 18 months after beginning the diet, the hyporesponders had no gross evidence of atherosclerosis in their major vessels, with the possible exception of occasional fatty streaks. The hyperresponders developed a cholesterol level that exceeded 750 mg/100 ml; some did so within a month after the onset of cholesterol feeding, but others showed relatively little elevation for 2-3 months and then developed an increase. By 4 months after the cholesterol level had exceeded 750 mg/100 ml, these dogs had severe atherosclerosis.
The basis of this segregation is unknown. Although the degree of abolution of thyroid function, as determined by plasma levels of thyroxine and triiodothyronine, did not appear to be a variable, other metabolic, genetic, or environmental differences cannot be excluded. The primary objective of this report was to characterize the plasma lipoproteins in these two groups of dogs; a difference in their lipoprotein patterns was evident in preliminary studies (1) .
Five predominant changes in the plasma lipoproteins of the hypothyroid dogs fed a high-choles-
1.006
terol diet were observed. First, with cholesterol feeding, there was a striking increase in a lipoprotein referred to as HDL,. Compared with control dogs, HDL, in cholesterol-fed dogs appeared to migrate progressively more slowly on paper electrophoresis as it became more cholesterol-rich and floated at lower densities. To avoid confusion these lipoproteins might better be referred to as HDL C (cholesterol). Second, in hyporesponders, most of the increased plasma cholesterol was in the 1.02
FIGURE 6
Precipitin reactions obtained by immunoelectrophoresis of the lipoproteins isolated by Geon-Pevikon electrophoresis for a hyperresponder. 1.006 = zones 1 and 6 from the fraction with density less than 1.006, 1.02 = zones 1 and 6 from the 1.006-1.02 fraction, 1.04 = zones 1, 3, and 6 Particle sizes were determined by measuring the diameters of at least 150 particles. Each range represents more than 95ft of the particles measured excluding the occasional particles at either end of the spectrum of sizes. Research, Vol. 35, November 1974 with a density less than 1.006. Fourth, despite differences in the concentration of LDL, HDL, (HDLc), and HDL 2 in hyporesponders and hyperresponders, there were only minor differences in the composition, immunochemical reactivity, and content of apoproteins. Finally, the difference between the lipoprotein patterns of hypo-and hyperresponders was the appearance in the hyperresponders of a spectrum of lipoproteins in the fraction with a density less than 1.006. In contrast to hyporesponders, this fraction from hyperresponders contained several different classes of lipoproteins that were rich in cholesterol (up to 69%) and large in size and had different contents of apoproteins and different immunochemical reactivity. It contained (8-migrating lipoproteins (/S-VLDL) and lipoproteins having a migration similar to that of HDL C . There is a striking similarity between the canine /3-VLDL and the abnormal floating-/3 lipoproteins that characterize dysbetalipoproteinemia or Type III disease in humans (17). These lipoproteins have been characterized as the remnants of VLDL catabolism. They contain apo-LDL, an increased content of the arginine-rich protein, and a decreased content of the fast-moving peptides-a pattern not unlike that seen in the hyperresponder dogs in the present study. Cholesterol-fed rabbits have been reported to have a /3-VLDL which also has a preponderance of the arginine-rich apoprotein (18). One of the main apoproteins in dog /9-VLDL and HDLc is the arginine-rich equivalent (unpublished observations).
Data obtained from feeding high-cholesterol diets to other species suggest that the occurrence of a prominent HDL-like lipoprotein in the low density fractions is not peculiar to the dog. Lasser et al. (19) , studying the cholesterol-fed rat, have demonstrated immunochemically the presence of HDL which extends into the 1.006-1.030 fraction. They have shown that despite a decrease in HDL in the 1.07-1.21 fraction of the cholesterol-fed rat the total immunochemical reactivity of HDL in the plasma is the same as it is for control rats. Also, miniature swine fed a diet composed of 10% lard and 1% cholesterol develop hypercholesterolemia and the appearance of a lipoprotein similar to that referred to as HDL, in the dog. With increasing hypercholesterolemia, this lipoprotein appears in increasing concentration at progressively lower density ranges, and the swine develop atherosclerosis (unpublished observations).
It is reasonable to speculate on the origin of the HDL,-like particles in cholesterol-fed dogs. The HDL, (HDLJ class of lipoproteins may arise de novo in either intestine or liver particularly to handle an increased requirement for cholesterol transport or, alternatively, these lipoproteins may be "remnants" of VLDL or chylomicron catabolism. However, more likely, HDLc represents HDL 2 which has become overloaded with cholesterol and floats at progressively lower densities. The atherogenic potential of these cholesterol-rich lipoproteins is open to speculation. The catabolism of triglyceride-rich particles normally involves hydrolysis by lipoprotein lipase. It has also been suggested that other triglyceride hydrolyses, particularly that of a hepatic lipase, may have a role in degradation of VLDL (20) . The activity of two Upases can be differentially determined in postheparin plasma (20). In the hyporesponder and hyperresponder dogs, there are significant alterations in the activities of these two postheparin lipases (unpublished observations). The hyporesponders have a significantly elevated total lipolytic activity, primarily due to increased activity of the protamine-inhibited lipase shown by Krauss et al. (20) to represent principally lipoprotein lipase. Hyperresponders have reduced total lipolytic activity; the most significant reduction is associated with the protamine-resistant liver lipase. Whether these preliminary findings suggest a catabolic defect in the hyperresponders that may explain the differences between the two groups of dogs remains to be determined.
